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The effect the addition of gibberellic acid (GA) has on growth and 
the elaboration of wilt-inducing substances by isolates of Ceratocystis 
ulmi, when cultured on a liquid synthetic nutrient medium, has been 
studied. Two methods were followed to assay the disease inducing effect 
of culture filtrates of the eight isolates studied. They were, namely, 
a whole seedling assay method and a detached leaf method. Seedlings and 
leaves of two elm species were used in this study. The elm species were 
Ulmus alata and Ulmus americana. 
GA was found to cause a reduction in mycelial yield at all the con¬ 
centrations used. The least reduction in growth was obtained at 100 ppm 
GA and the greatest growth reduction was at 1000 ppm. Inconclusive 
results were obtained in the experiments on GA effect on wilt-inducing 
substances formed by the pathogen. In Ulmus alata seedlings, culture 
filtrates from GA-supplemented media generally induced less wilting of 
seedlings than was obtained in GA-deficient control filtrates. Also, 
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at the highest GA concentrations used, 1000 ppm, the wilting percentage 
for filtrates from all isolates was 25 to 50% less than the controls. 
In Ulmus americana seedlings, the results of the assays were more 
erratic. Some general reduction in wilting percentage was obtained 
when filtrates containing GA were taken up by seedlings of this species. 
In other instances the precent wilting occurring at 1000 ppm GA was 100%, 
the same as the controls. 
The detached leaf method did not prove suitable for a critical assay 
of the effect of culture filtrates in disease induction. It appears as 
if this procedure may have possibilities if available large, uniform 
size leaves were utilized and if an improved mechanism for leaf support 
during filtrate uptake is devised. 
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For a half-century, Dutch elm disease, caused by Ceratocystis 
ulmi, has been widely researched. Several investigators have demon¬ 
strated that a toxin can be isolated from liquid cultures of £. ulmi 
(Feldman et al., 1950; Zentmyer, 1942) and that the toxin when allowed 
to be taken up by elm cuttings, caused many of the typical diseased 
symptoms (Salemink et al., 1965; Salters and Frederick, 1967; Van 
Alfen et al., 1975). 
Considerable emphasis has been placed on control of the disease by 
using chemicals. These techniques may involve the introduction of 
chemical compounds into the plant or culture medium, that would retard 
the growth of the fungus or modify the effect of the toxin. One such 
compound is the growth hormone gibberellic acid (GA) . It has been found, 
for example, that when isolates of £. ulmi are cultured in shake culture 
on a medium containing GA at concentrations of 400 and 1000 ppm, 
mycelial growth was reduced (Hurd and Frederick, 1968). These investi¬ 
gators have suggested, therefore, that if gibberellic acid can reduce 
the mycelial growth of C. ulmi, then it may have some effect on the 
toxin produced by the fungus (Hurd and Frederick, 1968). 
The purpose of this study was to investigate the role that con¬ 
centrations of GA may have on reducing the effect of the C. ulmi toxin, 
produced in vitro, on leaves, twigs, and seedlings of susceptible species 
of elm. As a consequence, the objectives of this study have been: 
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1. to determine the effect(s) different concentrations of 
gibberellic acid will have on toxin formation by isolates 
of C. ulmi, when the effect is assayed by the degree of 
disease symptoms induced in host material; 
2. to determine whether the presence of gibberellic acid will 
alter the effect that Ch ulmi toxin has on its host; 
3. to note differences, if any, between host reactions of the 
susceptible Ulmus americana and the somewhat less susceptible 
Ulmus alata. 
CHAPTER II 
REVIEW OF LITERATURE 
Dutch elm disease represents one of the most important of the 
vascular wilt diseases. The fungus that causes this highly destructive 
disease of elm trees is Ceratocystis ulmi. In culture CL ulmi pro¬ 
duces soluble substances which appear to be primary factors in the 
production of Dutch elm disease symptoms (Zentmyer, 1942). These 
substances may move in the xylem vessels, when elm cuttings are allowed 
to take up sterile culture filtrates that contain them, and interact 
with the host in such a manner that symptoms, typifying the diseased 
condition, will be manifested (Salters and Frederick, 1967; Salemink 
et al., 1965; Val Alfen et al., 1975). 
It has been established that many pathogenic effects exhibited by 
diseased plants are the result of toxins elaborated by the pathogen. 
Often the parasitism of many organisms may be possible only because ex¬ 
creted substances precede the invader into the host, killing the tissue 
and preparing the way for further host colonization by the pathogen 
(Horsfall and Zentmyer, 1942). 
Several investigators, notably Feldman et al., (1950), Zentmyer 
(1942), and Salemink et al., (1965) have demonstrated that a toxin can 
be isolated from liquid cultures of Ceratocystis ulmi. Much evidence in 
support of this theory was derived from the injection into healthy plants 
of cell-free filtrates of pathogenic cultures. Results of these in¬ 
jections caused many of the typical disease symptoms, i.e., young leaves 
wilted, died and abscissed; older leaves curled upward or developed 
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necrotic spots, and stems showed vascular discoloration (Zentmyer et al., 
1946). 
Salemink et al. (1965) isolated phytotoxic material from liquid 
cultures of Ceratocystis ulmi, and found that one component of the 
material obtained was a thermostable glycoprotein. This compound in¬ 
duced diseased symptoms, similar to those produced by the fungus itself, 
in elm sprouts and trees. Salters and Frederick (1967) observed that 
histologic changes similar to those found in twigs of diseased elm 
seedlings, could be induced into elm cuttings when they were allowed to 
take up sterile filtrates obtained from shake cultures of the pathogen. 
Opinions have differed widely over the significance of the toxins 
found in culture filtrates of (h ulmi. The question is raised as to 
whether or not it is the interactions of these substances with the 
vascular tissue of the host that causes formation of substances that 
occlude vessels and induce wilting or whether other factors are the 
cause of the wilting. Several workers have suggested that the primary 
occluding materials in vessels of infected plants are mycelia and spores 
of the fungus (Ouellette, 1962; Dimond et al., 1949). Recently Ouelette 
(1962) indicated that acute symptoms of the disease are due to the 
complete plugging of the vessels of small branches by spores and mycelium 
of the pathogen, alone or in combination with cytoplasm and residues 
from adjoining cells. He also stated that gradual and partial plugging 
of vessels in stems and larger branches and disintegration of cell walls 
contribute to chronic symptoms of the disease. 
Prior to Oulette's studies, Dimond et al., (1949) postulated 
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that masses of mycelium and spores were the cause of vascular occlusion 
in the early phase of Dutch elm disease. In dead tissue, they found 
that nearly all cells of the outer growth sheaths were invaded by the 
fungus. 
If the assumption is made that a primary factor in wilt induction 
in Dutch elm disease is toxin elaboration by the pathogen, disease 
severity could be reduced by the introduction of compounds into the plant 
or the culture medium that would modify the effect of the toxin. This 
approach has been followed by some investigators (Horsfall and Zentmyer, 
1941; Caroselli and Feldman, 1951; Hurd and Frederick, 1968). 
Horsfall and Zentmyer (1941) demonstrated that wilting of cuttings 
can be prevented or reduced by adding 8-hydroxyquinoline sulfate to toxic 
filtrates obtained from Ch ulmi. Edgington (1963) noted suppression of 
the foliar symptoms of Dutch elm disease when using mixed isomers of 
aminotrichlorophenylacetate. When applied in early spring the growth 
regulator modified the woody tissues by inducing a layer of dense, starch- 
filled cells that interrupted the normal continuity of the annual ring. 
In another study, where attempts were made to neutralize the effect of 
possible toxins of Ch ulmi, an application of Carolate, a formation of 
hydrated lime, azo dye, and salicylate by soil injection, was found to 
suppress foliar symptoms up to 2 years in 70% of wood lot elms that were 
treated after inoculation by the pathogen (Caroselli and Feldman, 1951). 
Hurd and Frederick (1968) reported that gibberellic acid (GA) re¬ 
duced the mycelial growth of (h ulmi. They found that at concentrations 
of 400 and 1000 ppm, there was a marked inhibition of mycelial growth of 
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all isolates used in their study. They suggested that if gibberellic 
acid has this effect on mycelial growth of the fungus, there is a need 
to determine the effect this chemical might have on the toxin produced 
by the fungus. 
Few studies appear to have been made on the effect GA has on the 
growth of fungi. Even less attention has been given to the effect of 
GA on plant diseases caused by fungi. Santoro and Casida (1962) have 
observed the effects of gibberellin on liquid cultures of fungi known 
to form mycorrhizal associations with the roots of conifers. They com¬ 
pared the mycelial dry weights of the basidiomycetes and showed that 
gibberellins inhibited growth. The concentrations of gibberellins used 
were 50, 200, and 500 ppm. Levisohn (1960) found that a nutrient agar 
medium containing 100 ppm of GA affected the growth rate of mycorrhizal 
fungi, when growing mixed cultures of Gibberella and several mycorrhizal- 
forming fungi. Aleksandrov (1964) tested the effects of gibberellin on 
the growth and yield of mushrooms. He found that growth of the mycelium 
and yield of mushrooms increased, when using a water-alcohol solution of 
gibberellin. 
GA has been reported to stimulate the growth of some cellulytic 
fungi. The maximum effect was produced with an inoculation at a con¬ 
centration of 10 mg/ml. It was found that growth-promoting action was 
reduced when higher concentrations of GA were used (Saxena and Sehra, 
1966). 
CHAPTER III 
MATERIALS AND METHODS 
Origin of CL ulmi Isolates 
Isolates of Ceratocystis ulmi were obtained from diseased elm trees 
in the Atlanta area. Cultures designated GA-A2, GA-A9, GA-LC3, and GA-M 
were isolated from infected American elms (Ulmus americana). The remain¬ 
ing isolates, GA-A6, GA-AU1, GA-AU3, and GA-P, were isolated from infected 
winged elms (Ulmus alata). Cultures were isolated by plating slivers of 
discolored wood, removed aseptically from sections of infected branches, 
on potato dextrose agar (PDA) in sterile petri plates. All cultures were 
maintained on PDA bottle slants. 
Preparation of Culture Filtrates 
In order to provide inoculum for the liquid culture of each isolate, 
mycelial plugs of isolates were transferred from stock culture PDA slants 
to PDA plates and the plates were incubated at 26 C for five days. After¬ 
wards, uniform plugs of mycelia were transferred to petri plates contain¬ 
ing Zentmyer's solution, solidified with 15 g of plain agar, and the cul¬ 
ture plates were incubated for five days at 26 C. Uniform mycelial plugs 
of each isolate growing on Zentmyer's agar were subsequently used to 
inoculate 250 ml Erlenmyer flasks containing Zentmyer's solution. 
Constituents of Zentmyer's medium per liter of distilled water were 
1.5 g KH2PO4, 1.0 g MgSO^Z^O, 0.01 g FeClg, 2.0 g yeast extract, and 
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30.0 g dextrose. For the experimental series, Zentmyer's medium was 
supplemented with different concentrations of gibberellic acid (GA). 
Five GA concentrations were used, viz., 0.00029 M (100 ppm); 0.00058 M 
(200 ppm); 0.00116 M (400 ppm); 0.00232 M (800 ppm); and 0.0029 M (1000 
ppm) . 
The basic Zentmyer's medium was prepared by dissolving the medium 
components in approximately 500 ml of distilled water. To this mixture 
280 ml of citrate-NaOH buffer solution was added and this mixture was 
brought up to a total volume of one liter with distilled water. Addition 
of the citrate-NaOH buffer resulted in the medium having a pH of 4.0- 
4.25. The citrate-NaOH buffer was prepared by dissolving 21 g of citric 
acid in 200 ml of 1 N NaOH and bringing the volume up to 1000 ml with 
distilled water. In order to lower the pH of the buffer to a pH range 
of 4.0-4.25, 0.1 N HC1 was added until the desired pH level was reached. 
All pH adjustments in this study were made with a Fisher Digital pH/ion 
meter. 
Stock solutions of all gibberellic acid concentrations were prepared 
in the following manner: 1 g of GA (90%) was dissolved in 2 ml of 
absolute alcohol. The alcohol-GA solution was brought up to a volume 
of 25 ml by adding distilled water. The solution was warmed gently in 
a steam bath for 20 min to evaporate some of the alcohol. The solution 
was then allowed to cool and the volume was brought up to 500 ml with 
distilled water. Each ml of stock solution contained 2,000 ppm of GA. 
GA concentrations were subsequently converted to molar units. 
To prepare aliquots of 500 ml of Zentmyer's medium (ZM) with the 
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desired GA concentrations, the following procedures were followed: to 
obtain a medium with a GA concentration of 100 ppm (0.00029 M), 25 ml 
of stock solution was added to 475 ml of buffered ZM; to obtain a medium 
with a GA concentration of 200 ppm (0.00058 M), 50 ml of stock solution 
was added to 450 ml of buffered ZM; to obtain a medium with a GA con¬ 
centration of 400 ppm (0.00116 M), 100 ml of stock solution was added 
to 400 ml of buffered ZM; to obtain a medium with a GA concentration of 
800 ppm (0.00232 M), 200 ml of stock solution was added to 300 ml of 
buffered ZM; and to obtain a medium with a GA concentration of 1000 ppm 
(0.0029 M) , 250 ml of stock solution was added to 250 ml of buffered ZM. 
In order to determine whether or not dilution of the solute con¬ 
centration of the media had any effects upon the fungus in shake culture, 
as might be the case in the procedure described above, another pro¬ 
cedure for preparing the media was followed. This involved adding the 
volume of GA stock solution containing the desired concentration to a 
mixture of the ZM stock solution and buffer utilized prior to bringing 
the culture solution up to the final volume. Each liter of medium 
prepared for each experimental series was divided into two aliquots of 
500 ml each. One aliquot served as the control and was GA-deficient. 
The other aliquot served as the experimental medium and contained the 
appropriate GA concentration. 
In this study, a sufficient number of culture flasks was prepared 
to simultaneously culture all eight isolates at each GA concentration. 
In each culture series seven flasks were used per isolate. Four flasks 
contained GA-supplemented medium and three flasks represented controls. 
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A total of 56 flasks was used for each series. 
For each culture series, 50 ml of culture medium was placed in 
250 ml Erlenmyer flasks. The flasks were plugged with cotton and auto¬ 
claved for 15 min at 15 lb pressure. After removal from the autoclave, 
the flasks were allowed to cool and the pH of a sample flask of the 
medium was checked to determine whether any change had occurred. Auto¬ 
claving was found to have no appreciable effect on the pH of the buffered 
medium. The flasks were subsequently inoculated with mycelial plugs 
from five-day-old Zentmyer agar cultures and these flasks were incubated 
at room temperature for seven days on a Lab-line Junior Orbit Shaker, 
rotating at 150 rpm. 
Following the incubation period the fungal mycelia were separated 
from the culture medium by filtration, using Whatman No. 5 filter paper, 
allowed to air dry, and weighed. The filtrate was then centrifuged at 
5,000 rpm for 25 min and refiltered in a sterile 250 ml disposable filter 
unit containing an ultrafine porosity membrane. To check the sterility 
of the filtrates, small samples were streaked onto sterile PDA plates. 
The results were always negative. Filtrates were stored in polyethylene 
bottles at 0 C until needed for further tests. 
Toxin Assays 
Two methods were employed in this investigation in order to assay 
the effects of culture filtrates, supplemented with various concentrations 
of GA on elm. One method was a "detached leaf assay method" and the 
other was a "whole seedling assay method." 
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In the detached leaf assay method, whole leaves were removed from 
2 yr old green house seedlings of U. americana. Dormant elm seedlings 
that had been held at 30-32 C in an Environ Room were potted and placed 
in the greenhouse to initiate growth. New branches were allowed to grow 
until they had 6-10 fully developed leaves. Leaves from the second node 
were removed by severing them with a sharp razor blade at the base of the 
petiole. Detached leaves were immediately placed in water. Leaves of 
IJ. alata were initially taken from young sprouts in the field, but when 
not available leaves were taken from five-week-old seedlings grown 
under greenhouse conditions. 
Leaves removed for the assay were taken to the laboratory and treat¬ 
ed as follows: small shell vials were filled with sterile filtrate of 
one of the five GA concentrations of each isolate. Petioles of the de¬ 
tached leaves were cut at an angle under water, and immediately immersed 
in a vial containing the filtrate. Thirty-six vials constituted a test 
series. Control vials contained GA-deficient filtrate. These vials 
were placed on a plank of wood and secured with double stick tape. In 
order to avoid the slipping of the leaf blade into the filtrate, leaves 
were placed in the vials at such an angle that only a small portion of 
the leaf touched the filtrate. 
For comparison vials containing sterile distilled water, sterile 
water-GA concentration, sterile medium, and sterile medium-GA con¬ 
centration were also used. All vials were placed in an Environ Room and 
held under constant conditions of temperature (26 C) and relative humidity 
(70%). Humidity conditions were maintained by placing large culture 
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dishes filled with water on shelves in the room and measuring relative 
humidity by a sling psychrometer. The vials containing leaves were 
subjected to a photoperiod of 14 hr fluorescent lighting and 10 hr 
darkness. Leaf symptoms were assessed after 24 hr. Filtrates were added 
to vials when needed. To compare differences in environment, vials con¬ 
taining leaves were placed on a well lighted window sill and observed 
after 24 and 48 hr. The three isolates utilized in this series were 
GA-P, GA-AU1, and GA-M. The critical GA concentrations tested here were 
100, 400, and 1000 ppm, since these were concentrations that induced 
clearly different wilt percentages. 
In order to estimate the various degrees of necrotic zonation, the 
percentage of necrosis was approximated in proportion to leaf size. 
When filtrates caused pronounced overall browning and wilting, necrosis 
was rated as 100%; when filtrates caused pronounced browning on 
approximately three-fourths of the leaf and slight leaf curling, necrosis 
was rated as 75%; when filtrates caused pronounced browning on one-half 
of the leaf and no curling, necrosis was rated as 50%; when filtrates 
caused yellowing to slight browning of the leaf, necrosis was rated as 
25%; and when filtrates caused no browning and only slight yellowing, 
necrosis was rated as 0%. 
In the whole seedling assay method, seeds of both species were 
germinated in trays containing vermiculite. After germination the young 
seedlings, kept in vermiculite, were watered twice a week with a nutrient 
solution. The constituents of the solution were as follows: NH4H2PO4 
(ammonium acid phosphate), KNO3 (potassium nitrate), Ca(NÜ3)2 (calcium 
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nitrate), and MgSO^ (magnesium sulfate). Molar stock solutions were 
made from each salt. From each molar concentration the following 
volumes of each salt were, respectively, used; 1 ml, 6 ml, 4 ml, and 
2 ml. To the above components a supplementary solution which supplied 
boron, manganese, zinc, copper, and molybdenum was added as follows: 
2.86 g of H3BO3 (boric acid), 1.81 g of MnCl2'4H20 (manganese chloride), 
0.22 g of ZnSO^-yi^O (zinc sulfate), 0.08 g of CuSO^SF^O (copper sulfate), 
and 0.02 g of F^MoO^-F^O (molybdic acid). These compounds were dissolved 
in 1 liter of distilled water and 1 ml of this solution was added to each 
liter of nutrient solution. Iron was added in the form of 0.5% iron 
tartrate solution at the rate of 1 ml for each liter about twice a week 
or as indicated by the appearance of the plants. 
In order to ensure that filtrates were being taken up by the seed¬ 
lings, eosin Y dye tests were utilized. In this technique seedlings 
were taken from the greenhouse and placed in vials containing a 0.25% 
eosin dye solution. Seedling height was measured with a centimeter 
ruler and in order to compare the rate of translocation, a comparison 
was made between severed root systems and intact root systems. The 
uptake of dye was found to be much more rapid in severed than intact 
root systems. 
To determine the degree of wilting produced by the different 
filtrates, 36 uniformed sized 4-5 week old seedlings of both species 
were removed from germination trays and root systems were cut at an 
angle under water with a sharp razor blade. Seedlings were then 
placed in vials containing sterile medium. Controls were GA-deficient. 
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For comparison the same techniques were employed as mentioned for the 
detached leaf assay method. This series was repeated five times. 
Vials containing the seedlings were placed in an Environ Room and sub¬ 
jected to constant conditions of temperature and relative humidity. They 
were subjected to the same photoperiod as used for the detached leaf 
assay method. The wilt percentages were determined after 24 hr. 
A second technique was used for the whole seedling assay. This 
time 4-5-week old seedlings were taken from the greenhouse; roots were 
severed and immersed in vials containing filtrates obtained from three 
isolates (GA-P, GA-AU1, GA-M), at three critical GA concentrations 
(100, 400, 1000 ppm). The vials were then placed on a window sill at 
room temperature and a wilt percentage was taken after 24 and 48 hr. 
In order to distinguish various degrees of wilting of leaves, a 
wilt index was established. A filtrate that caused severe wilting and 
necrosis of all leaves, was considered as having caused 100% wilting; a 
filtrate that caused severe wilting and necrotic tipping of most leaves, 
was considered as having caused 75% wilting; a filtrate that caused a 
moderate wilting and curling of some leaves, was considered as having 
caused 50% wilting; and a filtrate that caused only slight yellowing of 
few leaves, was considered as having caused 25% wilting. When all leaves 
of the seedling were green and firm, they were assigned the value of 
zero. 
CHAPTER IV 
OBSERVATIONS AND RESULTS 
Mycelial Growth Studies 
Two variables were involved in the studies on the effect of GA 
on mycelial growth. One variable, the GA effect, was the planned and 
primary variable in the investigation. The other variable, medium 
components, that is solute concentration effect, was inadvertent and 
secondary. 
Culture Medium With Reduced Solute Concentration 
During the preparation of media for the majority of the mycelial 
and culture filtrate experiments, a slight inadvertent dilution of 
medium components was made. As indicated under Materials and Methods, 
the final liter equivalent volume of ZM culture medium was diluted 
slightly by the addition of volumes of the GA stock solution required 
for each desired concentration. Mycelial weights obtained when 
isolates were cultured in these slightly dilute media are given in 
(Table 1). 
As shown in (Table 1), mycelial growth for all isolates was less 
in GA-supplemented media than in the non-supplemented control. For 
example, isolate GA-M produced an average of 1.68 g of mycelium in the 
GA-deficient medium. At 100 ppm of GA an average of 1.53 g was ob¬ 
tained and at 1000 ppm only 0.72 g was obtained. Comparable decreases 
in mycelial weight were found among the other two isolates. 
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Table 1. Dry weights of mycelia of isolates of Ch ulmi after culture for seven days on a liquid 
synthetic medium supplemented with various concentrations of Gibberellic Acid. 
Isolate GA concentration Mycelial Weights (g/dry wt.) 
Medium salt concentration reduced Medium full strength 
GA-P 0 0.84 1.57 
GA-P 100 ppm 0.61 0.70 
GA-P 400 ppm 0.40 0.41 
GA-P 1000 ppm 0.08 0.10 
GA-M 0 1.68 1.77 
GA-M 100 ppm 1.53 1.61 
GA-M 400 ppm 0.94 1.50 
GA-M 1000 ppm 0.72 1.30 
GA-AU1 0 0.87 1.0 
GA-AU1 100 ppm 0.76 0.79 
GA-AU1 400 ppm 0.51 0.57 
GA-AU1 1000 ppm 0.31 0.36 
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Culture Medium With Full Strength Solute Concentration 
In the medium that contained full strength amounts of ZM per liter 
mycelial weights of each isolate also decreased with increases in GA 
concentration. Isolate GA-M, which produced the highest mycelial weight 
at 100 ppm in the medium with reduced solute concentration, also had 
the maximum yield in the full strength solution at 100 ppm (Table 1). 
As shown in the table, lower mycelial yields were obtained as the GA 
concentration increased. Similar results were obtained for the other 
isolates. 
Assay Studies on the Effect of GA on Disease Symptom Induction 
in Elm 
Two techniques were employed to assay the effect of GA on the 
induction of Dutch elm disease symptoms in elm material. One technique 
was the whole seedling assay technique and the other was the detached 
leaf technique. 
Whole Seedling Assay Technique 
In this technique the root systems of whole 4-5-week-old seedlings 
were placed in vials of sterile culture filtrates and allowed to take 
up the filtrate for a period of 48 hr. At the end of the period 
seedlings were assayed for the severity of wilting and leaf necrosis 
induced. 
In order to determine the rapidity of root uptake of the culture 
filtrates by seedlings and to ascertain whether or not differences in 
18 
uptake are significantly influenced by intact as opposed to root systems 
with severed ends, tests were conducted using eosin as a marker. A 
0.25% solution of eosin Y was prepared. Shell vials were filled with 
the dye solution and the root systems of elm seedlings were immersed in 
it. For some of the seedlings tested the root systems were left fully 
intact. Root systems of other seedlings had the tips of the roots 
severed, under water, prior to being immersed in the solution. The amount 
of time it would take for the dye to color the veins in the uppermost 
leaves of the seedlings were determined. 
The results of the test are shown in (Figs. 1,2). As shown in the 
figure, dye was evident first in the uppermost leaves of seedlings with 
root tips severed. The dye appeared in these leaves within 15 min (Fig. 
1). Uptake was slower in seedlings with intact root systems (Fig. 2). 
On account of results, whole seedlings assay experiments were conducted 
with root systems with severed ends. 
When assayed by the whole seedling technique, culture filtrates 
obtained from isolates GA-LC3 and GA-M were found to be the most highly 
aggressive strains (Figs. 3,4). GA-deficient filtrates from these two 
isolates induced 100% wilting in both U. americana and U. alata (Fig. 5). 
Both of these cultures were isolated originally from American elm trees. 
The remaining isolates GA-P, GA-A9, GA-AU1, GA-A2, GA-A6, and GA-AU3 did 
not induce as high a wilting percentage in U. americana and U. alata 
seedlings when GA-deficient culture filtrates were used (Figs. 6-11). 
The percent wilting induced in seedlings of the winged elm was 
generally substantially less than that induced in American elm seedlings 
Fig. 1 
Fig. 2 
Elm seedling after 15 min uptake of eosin through 
root system. Ends of roots of this seedling were 
severed. Note dye in vein of uppermost leaf. 
Elm seedling after 15 min uptake of eosin through 
fully intact root system. Note absence of dye in 
uppermost leaf. 
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Fig. 3. PDA culture of isolate GA-LC3. This strain forms fine 
white powdery mycelia. Sectoring did occur in cultures 
of this isolate. 
Fig. 4. PDA culture of isolate GA-M. This isolate formed a 
fine powdery mycelium with prominent concentric bands. 

Fig. 5. Per cent wilt induction in seedlings of U. americana 
and U. alata by 8 isolates of (1. ulmi when exposed to 
sterile filtrates of 7-day-old cultures grown in GA- 
deficient Zentmeyer's Nutrient Medium. 
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Fig. 6. PDA culture of isolate GA-P. This isolate forms a 
concentric mycelial pattern and little aerial hyphae. 
Sectoring did not occur in cultures of this isolate. 
Fig. 7. PDA culture of isolate GA-A9. This strain forms 
mycelia with white powdery tufts of hyphae. 
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Fig. 8. PDA culture of isolate GA-AU1. This strain forms a 
concentric mycelial pattern. Sectoring was not ob¬ 
served in cultures of this isolate. 
Fig. 9. PDA culture of isolate GA-A2. Note white to cream 
color and concentric pattern in isolate mycelium. 
Sectoring was not common in cultures of this isolate. 
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Fig. 10. PDA culture of isolate GA-A6. Note dark brown zone in 
some concentric bands of hyphae in this isolate. Sector¬ 
ing was not common in cultures of this isolate. 
Fig. 11. PDA culture of isolate GA-AU3. This strain forms prominent 




by GA-deficient culture filtrates (Fig- 5). As shown in Table 2, the 
percent wilting induced in winged elm seedlings by GA-deficient culture 
filtrates from four of the eight isolates was 25% less. In tests on 
the other four isolates the percent wilting induced was the same. 
Interesting variations in wilting percentages were obtained when 
seedlings were allowed to take up culture filtrates supplemented with 
various concentrations of GA (Table 2). In American elm seedlings, the 
wilting percentage was 50% in culture filtrates of one isolate, 75% 
in culture filtrates from five isolates, and 100% in culture filtrates 
from the remaining two isolates. The latter two isolates were the ones 
referred to previously as the most aggressive of the isolates used. 
Wilt induction at 100 ppm in winged elm differed, in some instances, but 
only to a minor degree. Two isolates that induced 75% wilting in 
American elm seedlings induced 50% wilting in winged elm seedlings. 
One isolate that induced 100% wilting in American elm seedlings induced 
75% in winged elm. The wilting percentages induced in the other four 
isolates were the same in both American and winged elm. 
At 200 ppm, there was no clear pattern of wilt reduction below that 
obtained for 100 ppm, in either winged or American elm. In one of the 
aggressive strains, wilting was reduced by 50% in winged and American 
elms. Different isolates were involved, however, in this wilt reduction 
of the respective species. In three instances, wilting was induced by 
25% in American elm. Corresponding reductions were found in only two 
instances in winged elms. In one instance, the wilting percentages 
induced at 200 ppm increased by 25% in American elm. 
Table 2. Percent wilt induction in elm seedlings of U. americana and U. alata by 8 isolates of Ch 
ulmi when exposed to sterile filtrates of 7-day-old cultures grown in GA-supplemented ZM. 
GA concentrations Ulmus americana 
Isolates 
GA-A2 GA-A6 GA-A9 GA-AU1 GA-AU3 GA-P GA-M GA-LC3 
0 ppm 75% 75% 50% 75% 75% 75% 100% 100% 
100 ppm 75% 50% 75% 75% 75% 75% 100% 100% 
200 ppm 75% 75% 50% 50% 75% 50% 50% 75% 
400 ppm 75% 75% 50% 75% 75% 75% 75% 75% 
800 ppm 75% 75% 75% 75% 75% 75% 75% 75% 
1000 ppm 100% 75% 75% 100% 100% 75% 100% 100% 
Sterile Distilled Water 0% 0% 0% 0% 0% 0% 0% 0% 
Ulmus alata 
0 ppm 75% 50% 50% 50% 50% 75% 100% 100% 
100 ppm 75% 50% 75% 50% 50% 75% 75% 100% 
200 ppm 75% 50% 75% 50% 50% 50% 50% 50% 
400 ppm 50% 50% 75% 50% 50% 75% 50% 50% 
800 ppm 50% C o ?- Jo u 75% 50% 50% 50% 75% 50% 
1000 ppm 25% 25% 50% 25% 25% 25% 50% 50% 




At 400 and 800 ppm the effect of GA on wilt induction in both 
American and winged elm appeared to stabilize. Few differences were 
noted in wilting percentages when data from tests using these con¬ 
centrations were compared. In American elms, culture filtrates with 
the 1000 ppm concentration appeared to have little effect on reducing 
the wilting percentage. In fact, as data in the table show, most wilt¬ 
ing percentages increased markedly at the 1000 ppm concentration. 
The results obtained for winged elm at 1000 ppm of GA differed 
strikingly from those obtained for the American elm. At this GA level 
a reduction in wilting percentage was obtained for all isolates. Five 
isolates caused only 25% wilting of seedlings and three isolates 50% 
wilting. No wilting of seedlings occurred when they were placed in 
vials containing sterile culture medium, sterile distilled water, sterile 
distilled water plus GA, and sterile culture medium plus GA (Figs. 12, 
13). 
In order to ascertain whether or not the slightly dilute ZM medium 
might have had any appreciable impact on the present wilting induced by 
filtrates of isolates cultured under those conditions, duplicate assay 
tests were made utilizing filtrates from isolates grown in full strength 
ZM. These results were presented in Table 3. Only three isolates were 
used in these tests, viz., isolate GA-P, GA-AU1, and GA-M. These 
isolates were selected because, GA-AU1, induced the lowest wilting 
percentage in the tests using the slightly dilute medium; GA-P, induced 
the next highest wilting percentages; and GA-M, induced the highest 
wilting. 
Fig. 12. Elm seedlings after uptake of ZM or ZM/GA supplemented 
medium for 48 hr. 
Fig. 13. Elm seedlings after uptake of water or water plus 
GA for 48 hr. 
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Table 3. Percent wilt induction in elm seedlings of U. americana and U. alata by 3 isolates of 
Cb ulmi when exposed to sterile filtrates of 7-day-old cultures grown in full strength 






0 ppm 50% 75% 100% 
100 ppm 50% 75% 75% 
400 ppm 25% 50% 100% 
1000 ppm 25% 25% 100% 
Sterile Distilled Water 0% 0% 0% 
Ulmus alata 
0 ppm 50% 75% 100% 
100 ppm 50% 100% 100% 
400 ppm 75% 50% 50% 
1000 ppm 75% 25% 50% 
Sterile Distilled Water 0% 0% 0% 
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As shown in Table 3, except for one isolate, the wilting percentage 
induced by culture filtrates from isolates grown in full strength ZM was 
less than 100% in both American and winged elm. At 100 ppm the wilting 
percentage in American elm seedlings was reduced in culture filtrates 
from one isolate but remained the same in filtrates from the other two 
isolates (Figs. 14-22). In winged elm seedlings exposed to culture 
filtrates at this concentration, the wilting percentage induced by one 
isolate increased and in filtrates of the other two isolates it remained 
the same (Figs. 23-33). At 1000 ppm the lowest wilting percentages were 
obtained in American and winged elm for two of the isolates. One isolate 
GA-M, produced culture filtrates that caused 100% wilting in American elm 
seedlings. This same isolate caused 50% wilting in winged elm seedlings. 
Detached Leaf Assay Technique 
The detached leaf assay technique represented an attempt to determine 
the feasibility of using single elm leaves in the assay of disease in¬ 
ducing capacity of culture filtrates of CL ulmi isolates, when grown in 
ZM supplemented with GA. Results from the tests could also provide 
corroborative evidence in support of observations obtained from the whole 
seedling assay method. 
In filtrates from GA-deficient cultures wilting percentages of 100% 
were induced in leaves of American elm by five isolates and in winged 
elm by three of the five isolates (Fig. 34). Filtrates from all other 
isolates induced 75% wilting in leaves of the two elm species. 
In GA-supplemented media, culture filtrates of 4 isolates induced 
Fig. 14. U. americana seedlings after uptake for 48 hr of 
sterile culture filtrate from isolate GA-M. Isolate 
cultured in ZM supplemented with 0.00029 M of GA. 
Wilt percentage rated as 50%. Control rated as 75%. 
Fig. 15. U. americana seedlings after uptake for 48 hr of 
sterile culture filtrate from isolate GA-M. Isolate 
cultured in ZM supplemented with 0.00116 M of GA. 
Wilt percentage rated as 75%. Control rated as 75%. 
Fig. 16. IJ. americana seedlings after uptake for 48 hr of 
sterile culture filtrate from isolate GA-M. Isolate 
cultured in ZM supplemented with 0.0029 M of GA. 
Wilt percentage rated as 75%. Control rated as 75%. 
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Fig. 17. IJ. americana seedlings after uptake for 48 hr of 
sterile filtrate from isolate GA-AU1. Isolate 
cultured in ZM suonlemented with 0.00029 M of GA. 
Wilt percentage rated as 75%. Control rated as 100% 
Fig. 18. IJ. americana seedlings after uptake for 48 hr of 
sterile filtrate from isolate GA-AU1. Isolate 
cultured in ZM supplemented with 0.00116 M of GA. 
Wilt percentage rated as 50%. Control rated as 100% 
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Fig. 19. U. americana seedlings after uptake for 48 hr of 
sterile culture filtrate from isolate GA-P. Isolate 
cultured in ZM supplemented with 0.00029 M of GA. Wilt 
percentage rated as 75%. Control rated as 75%. 
Fig. 20. U. americana seedlings after uptake for 48 hr of 
sterile culture filtrate from isolate GA-P. Isolate 
cultured in ZM supplemented with 0.00116 M of GA. Wilt 
percentage rated as 50%. Control rated as 75%. 
Fig. 21. _U. americana seedlings after uptake for 48 hr of 
sterile culture filtrate from isolate GA-P. Isolate 
cultured in ZM supplemented with 0.0029 M of GA. Wilt 
percentage rated as 25%. Control rated as 75%. 
Fig. 22. Leaf of _U. americana seedling after uptake for 48 hr of 
sterile culture filtrate from isolate GA-P. Isolate 
cultured in ZM supplemented in 0.0029 M of GA. Note 
necrosis around outer edge of this leaf from seedling. 
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Fig. 23. IJ. alata seedling after uptake for 48 hr of sterile 
culture filtrate from isolate GA-M. Isolate cultured 
in ZM supplemented with 0.00029 M of GA. The wilting 
percentage of this seedling was rated as 75%. 
Fig. 24. U. alata seedlings after uptake for 48 hr of sterile 
culture filtrate from isolate GA-M. Isolate cultured 
in ZM supplemented with 0.00029 M of GA. Wilt percentage 
was rated as 75%. Control rated as 25%. 
Fig. 25. IJ. alata seedlings after uptake for 48 hr of sterile 
culture filtrate from isolate GA-M. Isolate cultured 
in ZM supplemented with 0.00116 M of GA. Wilt percentage 
was rated as 50%. Control rated as 25%. 
Fig. 26. U. alata seedlings after uptake for 48 hr of sterile 
culture filtrate from isolate GA-M. Isolate cultured 
in ZM supplemented with 0.0029 M of GA. Wilt percentage 






Fig. 27. U. alata seedling after uptake for 48 hr of sterile 
culture filtrate from isolate AG-AU1. Isolate cultured 
in ZM supplemented with 0.00029 M of GA. Wilt percentage 
was rated as 50%. Control rated as 50%. 
Fig. 28. U. alata seedlings after uptake for 48 hr of sterile 
culture filtrate from isolate GA-AU1. Isolate cultured 
in ZM supplemented with 0.00116 M of GA. Wilt percentage 
was rated as 100%. Control rated as 50%. 
Fig. 29. IJ. alata seedling after uptake for 48 hr of sterile 
culture filtrate from isolate GA-AU1. Isolate cultured 
in ZM supplemented with 0.00116 M of GA. Note severe 
necrosis of leaves. 
Fig. 30. U. alata seedlings after uptake for 48 hr of sterile 
culture filtrate from isolate GA-AU1. Isolate cultured 
in ZM supplemented with 0.0029 M of GA. Wilt percentage 
was rated as 100%. Control rated as 50%. 
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Fig. 31. U. alata seedlings after uptake for 48 hr of sterile 
culture filtrate from isolate GA-P. Isolate cultured 
in ZM supplemented with 0.00029 M of GA. Wilt percentage 
was rated as 75%. Control rated as 75%. 
Fig. 32. IJ. alata seedlings after uptake for 48 hr of sterile 
culture filtrate from isolate GA-P. Isolate cultured 
in ZM supplemented with 0.00116 M of GA. Wilt percentage 
was rated as 25%. Control rated as 75%. 
Fig. 33. U. alata seedlings after uptake for 48 hr of sterile 
culture filtrate from isolate GA-P. Isolate cultured 
in ZM supplemented with 0.0029 M of GA. Wilt percentage 
was rated as 0%. Control rated as 75%. 
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Fig. 34. Percent wilt induction in leaves of U. americana 
and U. alata by 8 isolates of C_. ulmi when exposed 
to sterile filtrates of seven day old cultures 
grown in GA-deficient ZM. 
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100% wilting in detached American elm leaves (Table 4). At this GA 
concentration the remaining isolates induced 75% wilting. An appreciable 
reduction in wilting percentage was obtained at 1000 ppm in culture 
filtrates from GA-supplemented medium of only one isolate, isolate 
GA-A2. The wilting percentage was reduced by 50% at 1000 ppm in culture 
filtrates of this isolate. Filtrates from all other isolates grown in 
ZM supplemented with 1000 ppm of GA either caused no reduction in 
wilting, the wilting percentage remaining at 100%, or reduced wilting 
by only 25% when compared with controls. 
Results obtained from tests with detached U. alata leaves were 
roughly similar to those obtained with IJ. americana. Filtrates from 
two isolates cultured in ZM with 100 ppm of GA induced 100% wilting 
(Table 4). Filtrates from all other isolates induced 75% wilting at 
this GA level. At 1000 ppm of GA a marked reduction in wilting was 
found in two isolates, one having the same as the one in which a 50% 
reduction was obtained in detached American elm leaves. For all other 
isolates the percent wilting induced at 1000 ppm was either the same as 
that obtained at 100 ppm or differed by only 25%. 
Table 4. Percent wilt in elm leaves of U. americana and U. alata by 8 isolates of £. ulmi when 
exposed to sterile filtrates of 7-day-old cultures grown in GA-supplemented ZM. 
GA Concentrations 
GA-A2 GA-A9 GA-A6 
Ulmus americana 
Isolates 
GA-AU1 GA-AU3 GA-M GA-P GA-LC3 
0 ppm 100% 75% 75% 100% 100% 100% 75% 100% 
100 ppm 100% 75% 75% 100% 100% 100% 75% 100% 
200 ppm 100% 75% 75% 100% 100% 100% 75% 100% 
400 ppm 75% 75% 75% 100% 100% 75% 75% 75% 
800 ppm 50% 75% 50% 100% 100% 75% 75% 75% 
1000 ppm 50% 75% 50% 100% 100% 75% 75% 75% 
Sterile Distilled Water 0% 0% 0% 0% 0% 0% 0% 0% 
Ulmus alata 
0 ppm 75% 75% 75% 100% 100% 100% 75% 75% 
100 ppm 75% 75% 75% 75% 100% 100% 75% 75% 
200 ppm 75% 75% 75% 75% 100% 100% 75% 75% 
400 ppm 50% 50% 50% 50% 75% 75% 75% 75% 
800 ppm 25% 25% 50% 50% 75% 75% 75% 75% 
1000 ppm 25% 25% 50% 50% 75% 75% 75% 75% 
Sterile Distilled Water 0% 0% 0% 0% 0% 0% 0% 0% 
CHAPTER V 
DISCUSSION 
In this investigation additional evidence has been obtained to 
demonstrate that GA has an inhibitory effect on the mycelial growth 
of (Z. ulmi. The data show that isolates cultured on Zentmyer's nutrient 
media, containing various GA concentrations, produce less mycelia than 
when cultured in a GA-deficient medium. These results support the find¬ 
ings of Hurd and Frederick (1968). They reported finding that the 
mycelial growth of C_. ulmi was slightly to markedly inhibited by GA at 
concentrations ranging from 400 to 1000 ppm. A gradual decline in 
mycelial yield was obtained as GA concentrations in the medium increased 
from 100 to 1000 ppm. The maximum reduction was obtained at 1000 ppm 
when mycelial yield at this concentration was compared with the yield 
obtained in a GA-deficient medium. 
Santoro and Casida (1962) appear to be the only other workers who 
have observed the effects of gibberellin on liquid cultures of fungi. 
They studied some species known to form mycorrhizal associations with 
the roots of conifers. When mycelial dry weights of the basidiomycetes 
tested were compared, they found that gibberellins inhibited growth. 
One of the theories that have been advanced to explain the wilting 
mechanisms in Dutch elm disease syndrome holds that the pathogen elabo¬ 
rates a toxin that serves as the active principle in disease induction. 
Several workers have demonstrated the presence of wilt inducing sub¬ 
stances in vitro (Feldman et al., 1950; Frederick and Howard, 1951; 
Zentmyer, 1942; Salemink et al., 1965; Salters and Frederick, 1967). 
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Reports are conflicting about the in vivo presence of wilt-inducing 
substances in diseased elms (Singh and Smalley, 1969). It would be 
assumed that any elaboration of wilt-inducing substances, in vitro or 
in vivo, would be associated with mycelial growth. Since it can be 
demonstrated that GA inhibits mycelial growth, at least in vitro, there 
is a likelihood that it may similarly affect the formation of the ex¬ 
pression of wilt-inducing substances by C_. ulmi in some manner. 
In order to study the probable effect that GA might have on wilt 
induction, two methods were employed to assay GA-supplemented culture 
filtrates of the pathogen. One method was the detached leaf method and 
the other was the whole seedling assay method. The first method was bene¬ 
ficial in appraising conditions that would prevail of serious impairment 
of water movement in the leaf blade occurred and in observing full leaf 
wilt. The latter method was in order to ascertain the whole plant effect 
and because young seedlings were found to be highly susceptible to wilt 
induction by culture filtrates. 
For the whole seedling assay method, a problem arose relative to 
the movement of solutions or culture filtrates into the root systems of 
the seedlings. It was unknown as to how rapidly intact root systems 
might take up the filtrate containing GA or whether GA and the wilt- 
inducing substances of the filtrate could be absorbed by intact roots. 
Two methods were employed to study filtrate movement into the root 
system. As mentioned previously, in one the root system was left intact 
and in the other the root tips were severed. Root systems of test plants 
were then placed in an eosin solution and the uptake of the dye was 
followed in the plant. It was found that the dye solution moved 
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directly into the roots of the system with severed root tips and moved 
rapidly upward to the leaves. This finding overcame the problem of the 
entrance of GA and the wilt-inducing principle into the seedling if the 
root systems were intact. Severing the roots resulted in the direct 
exposure of the xylem of the stele to the solution and the direct up¬ 
take of the solution into the vascular system. 
In GA-deficient sterile culture filtrates of the eight different 
Ch ulmi isolates, wilting of seedlings of U. americana and U. alata 
occurred rapidly when root systems were exposed to culture filtrates. 
The percent wilting varied somewhat, however, with the eight isolates 
utilized. Two were found to be highly aggressive strains. These two 
isolates (GA-M, GA-LC3) induced 100% wilting in both American and winged 
elm seedlings after 24 hrs. Five isolates produced 75% wilting in 
American elm seedlings, whereas four isolates produced 50% wilting in 
winged elm seedlings. These data served as standards to compare the 
wilting percentages induced in GA-supplemented filtrates. 
Of the five GA concentrations used, various wilt percentages were 
obtained. At the GA concentration of 100 ppm, there was little or no 
reduction in symptomatic expression of seedlings, when compared to wilt¬ 
ing in control seedlings. Data obtained from winged elm seedlings suggest 
that for most isolates, GA may elicit a slight wilt-inhibiting effect 
upon those components of the toxin that may contribute to wilting. For 
example, for isolate GA-A2, the wilting percentage of the control was 
75%; at 100 ppm it was 75%; at 200 ppm it was 75%; at 400 ppm it was 50%; 
at 800 ppm it was 50%; and at 1000 ppm it was 25%. The data show that 
as GA concentrations increased, a gradual decrease in symptomatic expres¬ 
sion occurred. 
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Winged elm seedlings appeared less affected by culture filtrates 
of most isolates. For American elm seedlings, there was a higher 
percentage of both wilting and leaf necrosis. A rather confusing 
fluctuation in wilting percentages occurred in tests of some of the 
isolates. For example, for isolate GA-A9, wilt percentages at 100 ppm 
were rated as 75%, whereas at 200 and 400 ppm they were rated as 50%. 
At 800 and 1000 ppm, however, filtrates from this isolate increased the 
wilting percentage by 25%. One can surmise from these data that there 
may be a leveling off effect of the GA, or that the combination of the 
GA with various culture filtrates may cause an excessive formation of 
occluding materials in the vessels of the host and lead to a higher 
water deficit than that induced in filtrates with lower GA concentrations. 
The detached leaf method provided wilt percentages in both species 
of elm which ranged from 25 to 100%. The GA concentrations of 100 and 
200 ppm had no effect upon the expression of the diseased symptoms. 
At 400 ppm, there was a reduction in symptomatic expression by 25%, by 
two of the isolates tested on American elm leaves. Winged elm leaves 
showed a wilt reduction of 25% in filtrates of six isolates. 
From the results obtained it is clear that the role of GA in alter¬ 
ing the expression of the Dutch elm disease symptoms, when the pathogen 
has been cultured in its presence, is uncertain. Clearly mycelial 
growth is inhibited by higher GA levels in the culture medium. Similarly 
it is quite clear that filtrates from GA-deficient cultures of most of 
the isolates tested produced severe wilting. What is not clear is 
whether the higher GA levels interfered with either the elaboration of 
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the wilt-inducing substances by the pathogen as it grows or whether it 
can result in a modifying of the effect of these substances on the host 
when GA is present. 
Generally for winged elm the decline in wilt percentage correlated 
directly with the increase in GA in the medium. For the American elm 
the results were much more erratic. Ch ulmi isolates have been reported 
by several workers to differ in pathogenicity (Frederick and Howard, 1951) 
or in aggressiveness (Gibbs and Brasier, 1973). Consequently, it should 
be expected that variations might be found in wilting responses of elm 
seedlings to filtrates from the different isolates. 
In general winged elm appeared to be less affected by wilt-inducing 
substances in the GA-deficient and GA-supplemented culture filtrates than 
American elm. Under natural conditions, disease progress and severity 
in winged elm trees appear to be appreciably less than that occurring in 
American elm. It may be that the winged elm has greater resistance to 
the Dutch elm disease than the American elm. 
Several questions have been raised by the study and should be in¬ 
vestigated. It is not known, for instance, whether GA is still in the 
form of GA after seven days of shake culture with the fungus. Could the 
fungus in any way be converting the GA into another form? Further stu¬ 
dies should involve analyzing the components of the GA supplemented fil¬ 
trate, to see whether the GA is still in its original form. Also, GA 
might be withheld from the medium and added at the end of the culture 
period, just prior to the assay tests. 
Although evidence presented here indicates that GA exerts some 
effect on toxin formation, the results are not regarded as conclusive. 
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Additional studies should involve testing other gibberellins, as well as 
light and electron microscope studies on plants which have been treated 




Eight isolates of Ceratocystis ulmi were studied to test the 
effects of gibberellic acid on growth and elaboration of wilt-inducing 
substances, when they were cultured on a liquid synthetic nutrient 
medium. The isolates were obtained from both the American and winged 
elm. Whole seedling and detached leaf methods were employed to assay 
the disease inducing effect of culture filtrates obtained from the 
isolates. From results of this investigation it was evident that: 
1. GA was found to cause a reduction in mycelial yield at all 
the concentrations used. 
2. In Ulmus alata seedlings, culture filtrates from GA-supplemented 
media generally induced less wilting of seedlings than was ob¬ 
tained in GA-deficient control filtrates. Also, at the high¬ 
est GA concentration used, 1000 ppm, the wilting percentage for 
filtrates from all isolates was 25 to 50% less than the controls. 
3. In Ulmus americana seedlings, in some instances the percent 
wilting occurring at 1000 ppm GA was 100%, the same as in the 
controls. 
4. The detached leaf method did not prove suitable for a critical 
assay of the effect of culture filtrates in disease induction. 
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